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A. ACCIDENT 

 
Location:  New York, NY 
 
Date:    January 15, 2009 
 
Time:     1527 Eastern Standard Time 
 
Aircraft:  US Airways Airbus A320-214, registration 

N106US, Flight 1549 
 
 
 
 

B. POWERPLANTS GROUP 
 

 
Group Chairman:  Harald Reichel 
    National Transportation Safety Board 
    Washington, DC 

 
Member:   Stephen Sheely 
    Federal Aviation Administration 
    Burlington, Massachusetts 
 
Member:   Mark Lever 
    Bureau d’Enquetes et d’Analyses 
    Le Bourget, France 
 
Member:   Christian Marty 
    Airbus Industrie 
    Blagnac, France 
 
Member:   Guy Desme 
    Snecma 
    Moissy-Cramayel, France 
 
Member:   Leslie McVey 
    CFM International 
    Cincinnati, Ohio 
 
Member:   James Ursitti 
    US Airways 
    Pittsburgh, Pennsylvania 
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Member:   Mike Stoica 
    US Airways, IAM Flight Safety 
    Pittsburgh, Pennsylvania 

 
Member:   Tim Kirby 
    US Air Line Pilots Association 

     Charlotte, North Carolina 
 

Member:    Richard Dolbeer, Ph.D. 
    United States Department of Agriculture 
    Wildlife Services 
    Sandusky, Ohio   
 
 
 
 
 



3 of 74 

C. SUMMARY 
 
 
On January 15, 2009, about 1527 Eastern Standard Time, US Airways flight 

1549, an Airbus A320-214, registration N106US, suffered bird ingestion into both 
engines, lost engine thrust, and landed in the Hudson River following take off from New 
York City's La Guardia Airport (LGA). The scheduled, domestic passenger flight, 
operated under the provisions of Title 14 CFR Part 121, was en route to Charlotte 
Douglas International Airport (CLT) in Charlotte, North Carolina. The 150 passengers 
and 5 crewmembers evacuated the aircraft successfully. One flight attendant and four 
passengers were seriously injured.  

 
On-scene examination of the airplane revealed that the left-hand (No. 1) pylon, 

nacelle, and engine unit had separated from the airplane at the pylon-to-wing attachment 
fittings. It was recovered from the Hudson River after being submerged for eight days. 
The right-hand (No. 2) pylon, nacelle, and engine unit remained attached to the airplane 
wing and was immersed in water for 56 hours until the airplane was recovered from the 
water. There was no indication of an uncontainment in either engine. The thrust reverser 
of each engine was in the stowed position.  

 
After the engines were removed from the water (No. 2 remained attached to the 

airplane) they were visually examined before they were shipped to the GE facility for 
disassembly. All the fan blades for both engines were present, intact, and bent. The fan of 
the No. 2 engine exhibited more damage than the No. 1 engine. On the No. 2 engine, five 
fan blades were deformed in the direction opposite rotation and exhibited a low radius 
curvature dent at the mid-span location. All the fan blades in the No. 1 engine were bent 
aft with one blade significantly twisted in the direction opposite of rotation. Visual 
examination of fractured parts revealed no signs of a pre-existing or fatigue type failure. 
All fracture surfaces examined were consistent with overload. 

 
Detailed disassembly and examination of the engines at the GE facility revealed 

that two booster inlet guide vanes (IGV) in each engine had separated and were ingested 
by the core of the engine causing nicks, tears and fractures throughout the booster and 
high-pressure compressor (HPC) stages. Also, the combustion chamber dome in each 
engine was locally dented consistent with the impact of a blunt soft body mass. 

 
Due to the fact that both engines were submerged in water for several days, no 

significant amounts of solid bird remains were found. Instead, small samples located in 
the joint crevices and sharp corners behind the fan blades, in the bypass duct, and 
throughout booster stages were found – roughly about an ounce in each engine. The No. 
2 engine however, had about a cups worth of charred remains on the combustor area. 

 
An ultraviolet (UV) light inspection of the core for both engines revealed 

evidence of bird smears from the spinner through the booster to the stage 1 high-pressure 
compressor. The feathers, bird remains, and swabs of various component hardware were 
collected by members of the United States Department of Agriculture (USDA) on scene 
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and at the GE teardown examination and sent to the Smithsonian Institution, National 
Museum of Natural History, Division of Birds for analysis and identification. The bird 
remains and feathers were identified as being from the species Branta canadensis, or as 
commonly referred to as a Canada goose. See the Safety Board Wildlife Factors Group 
Chairman Factual Report for further details. 

 
Review of flight data recorder data revealed that the both engines operated 

normally up to the time of the bird ingestion. Both engines N1 and N2 rotor spools 
accelerated in unison during the throttle advancement to 50% and then to takeoff power. 
Both engines rotor speeds matched during takeoff and initial climb until the bird 
ingestion event approximately one minute and 37 seconds into the flight. After the bird 
ingestion, both engines exhibited a decrease in fuel flow and rotor speeds while the 
exhaust gas temperature (EGT) increased toward redline levels. This is consistent with 
insufficient airflow through the engine and will result in a decrease in thrust. The pilots 
attempted to restart both engines in accordance with the dual engine failure checklist 
even though neither engine flamed out during the event. The attempt to restart engine 
No.2 was unsuccessful and the engine eventually shutdown. The attempt to restart the 
No.1 engine produced no improvement in engine performance but rather degradation in 
rotor speeds and fuel flow values insufficient to sustain single engine flight. 
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D. DETAILS OF THE INVESTIGATION 
 
D.1 Engine Information 

 
D.1.1 Engine History 

 
Engine No. 1 was last overhauled in January 2008 at the GE Strother facility in 

Arkansas City. Engine No. 2 had never been overhauled.  
 
Review of the airplane logbook entries for engine discrepancies from January 1, 

2008 to January 15, 2009 revealed no discrepancies related to the No. 1 engine. Several 
discrepancies were noted on the No. 2 engine with the most recent occurring on January 
13, 2009 relating to an engine stall warning.  According to the maintenance logs, US 
Airways at their Charlotte, North Carolina facility, removed and replaced the T25 
temperature sensor probe per Airplane maintenance manual (AMM) 73-21-20 and 
borescoped the booster stage 5.  No faults were noted and the airplane was cleared to 
return to service. See the Safety Board Maintenance Records Factual Report for further 
details on the US Airway engine maintenance program.  

 
The information on the chart below was obtained from US Airways: 
 

 Engine No. 1 Engine No. 2 
Engine Model CFM56-5B4/P CFM56-5B4/P 
Serial Number 779-828 779-776 
Manufacture Date 9/12/2000 2/16/2001 
Date Installed on Airplane 01/15/2008 05/28/2006 
Cycles Since Last Repair 1,228 cycles 10,340 cycles 
Time Since Last Repair 2,949 hours 26,466 hours 
Cycles Since Installation 1,228 cycles 3,585 cycles 
Time Since Inspection 2,949 hours 8,550 hours 
Total Cycles 13,125 cycles 10,340 cycles 
Total Time 19,182 hours 26,466 hours 
Total EGT Margin loss 40.1 ºC 101 ºC 

 
According to US Airways documentation, this airplane complied with CFM56-5B 

Service Bulletin S/B72-0722 – High Pressure Compressor Deterioration Limit Inspection 
and Airworthiness Directive (AD) 2009-01-01. This AD requires the replacement of one 
engine in the event that both engines have a greater than 80ºC exhaust gas temperature 
(EGT) margin loss.  The replacement engine must have an EGT margin loss of less than 
80ºC. 

 
The Electronic Control Unit (ECU) for each engine was not recovered; therefore 

the ECU P/N, S/N, and software revision number could not be positively identified. 
However, according to the US Airways records, the ECU installed on these engine was 
P/N 27-7321-9-004 and contained ECU software version 5.B.Q. ECU S/N 2747 was 



6 of 74 

installed on April 25, 2008 on engine No. 1 and ECU S/N 2880 on April 28, 2008 on 
engine No. 2. 

 
 

D.1.2 Engine Description 
 
The CFM56-5B4/P (Figure 1) is a high bypass, dual-rotor, and axial flow turbofan 

engine. A single-stage HPT drives the 9-stage HPC. A 4-stage low pressure turbine 
(LPT) drives an integrated fan and low pressure compressor (booster). The annular 
combustion chamber increases the HPC discharge air velocity to drive the high and low 
pressure turbines. An accessory drive system provides drive requirements for engine-
mounted aircraft accessories. 

 
CFM is a partnership between General Electric in the USA and Snecma (Société 

Nationale d'Etude et de Construction de Moteurs d'Aviation) Moteurs of France. CFM is 
not an acronym; however, the company (CFM) and product line (CFM56) receive their 
names by a combination of the two parent companies’ commercial engine designations: 
GE’s CF6 and Snecma’s M56. The division of labor is such that Snecma is responsible 
for the fan and LPT modules while GE is responsible for the remainder of the engine – 
HPC, combustion, and HPT. 

 
The high bypass turbofan aircraft engine consists of a ducted fan that is powered 

by a gas turbine. Part of the airstream from the ducted fan passes through the gas turbine 
core, providing air to burn fuel to create power. However, most of the airflow bypasses 
the engine core, and is accelerated by the fan blades and directed through the outer 
bypass duct, providing most of the thrust for flight. In the large and medium bird 
ingestion requirement the engine testing is performed at 100% takeoff power. 

 
In the event of a bird strike, the bird can strike any part of the circular open fan 

area. If the bird enters the inlet near the outer radius, it will most likely strike only the fan 
blade and then continue along the bypass duct and be ejected at the back of the engine. In 
this case, the fan blades may exhibit some form of leading edge impact damage, such as 
bending and deformation, and may exhibited material lose or fracture, while downstream 
the passing debris can damage the outer bypass duct and fan outlet guide vanes (OGV), 
all negatively affecting the production of thrust. The engine may still be able to operate 
but at a lower thrust level dependent on the amount and severity of the damage.  

 
The large single bird test is intended to test the fan blades, flammable fluid lines 

and support structure for resistance to impact from a single large bird ingestion and 
ensure the effects do not prevent continued safe flight with the engine shutdown. The bird 
is fired into the engine fan duct at a relatively large fan radius (closer to the blade tip) in 
order to maximize fan blade damage and so that it strikes the fan blades only.  

 
If the bird enters the inlet near the inner radius, a portion of it will most likely be 

ingested by the gas turbine core causing possible damage to the internal components such 
as the inlet guide vanes, booster vanes and blades, the high-pressure compressor vanes 
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and blades or the combustor. If the damage is sufficient, then the engine may stall, 
flameout, operate at a reduced thrust level, or require a shutdown, rendering it unable to 
produce appreciable thrust. The small and medium bird tests are intended to test the fan 
blades and structure as well as the core machinery for resistance to multiple birds. 

 
In this installation, the engines are wing-mounted and under slung. The inlet area 

of the nacelle is 3,005 square inches. The lateral distance between the engine centerlines 
is 37 feet 9 inches. 

 
All directional references to front and rear, right and left, top and bottom, and 

clockwise and counterclockwise are made aft looking forward (ALF) as is the 
convention. Top is the 12 o’clock position. The direction of rotation of the engine is 
clockwise. All numbering in the circumferential direction starts with the No. 1 position at 
the 12:00 o’clock position, or immediately clockwise from the 12:00 o’clock position and 
progresses sequentially clockwise ALF.  

 
 

E. ON-SCENE EXAMINATION 
 
The powerplant team convened at the accident site on January 16, 2009 to 

commence recovery and on-site examination of the engines. Persons from the Safety 
Board, Federal Aviation Administration (FAA), US Airways, Bureau d’Enquetes et 
d’Analyses (BEA), Airbus, US Air Line Pilots Association (ALPA), US Department of 
Agriculture, and CFM were present. The powerplant completed its initial on-scene 
documentation January 24, 2009. Both engines were retrieved from the Hudson River and 
transported to the GE facility in Cincinnati, Ohio for a detailed disassembly and 
examination. 

 
 

E.1 Left-hand Engine 
 
The left-hand engine was separated from the airplane. It was identified with sonar 

devices at a depth of 65 feet in the Hudson River on January 22, 2009 near the initial 
impact location of the airplane with the water. It was recovered from the Hudson River 
on January 23, 2009 at approximately 4:30 PM, local time (Figure 2) and transported to 
the J. Supor & Son recovery company facilities in Harrison, New Jersey where it was 
examined on January 24, 2009. 

 
The pylon-wing attach fittings could not be seen because of the deformation of 

the pylon structure and skin. The aft pylon mount fitting was fractured just below the 
spherical bearings. The front wing mount clevises were fractured. The engine was still 
attached to the engine mounting fittings. The nacelle was deformed and fractured in 
multiple locations (Figure 3). The thrust reverser halves and fan cowl doors were still 
attached to the pylon and the hinges appeared to be undamaged. The four thrust reverser 
actuators were in the stowed position. The cowl doors were found unlatched. The lower 
quarter of the right-hand cowl door was fractured and missing. The left-hand cowl door 
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was fractured near the top hinge and the lower portion was missing. There was no 
indication of an uncontained event. 

 
The inlet lip was complete but a portion from the 5 to 8 o’clock position was 

crushed. There was a dent approximately 8 inches x 9 inches at the 4 o’clock position of 
the inlet lip that was consistent with soft body impact (Figure 4). The acoustic inlet 
ducting of the inlet case was crushed from the 4 to 8 o’clock position (Figure 5) and the 
inner skin of the acoustic inlet was torn further until the 10 o’clock position. The outer 
nacelle skin aft of the inlet lip was fractured at the 3 to 9 o’clock position. The lower 
portion of the skin was missing. The exhaust duct was present but crushed. 

 
The ECU and Accessory Gearbox (AGB) were missing, as were the Integrated 

Drive Generator (IDG), Hydro-Mechanical Unit (HMU), and Air Turbine Starter (ATS). 
 
The paint on the front spinner cone was missing from the tip in a pattern of a 

frustum with the short dimension of 1½ inches and the long dimension of 3 inches. There 
was missing paint at random spots along the remaining cone surface. There was a dent 
approximately 3/16 inch deep on the aft spinner base at the location of the platform of the 
fan blade #181 (Figure 6). A portion of the #18 blade platform front surface could be 
seen. 

 
All the fan blades were present and were bent in an aft direction with a 

deformation of approximately 1 to 3 inches in a predominantly skewed fan-plane pattern. 
The trailing edge of one fan blade was torn at the 60% span and notched with 
approximately three eighth inch of material folded. The trailing edges of blades #27, 28, 
and 29 were notched in a circular shape with missing material size approximately one 
quarter to three eighths inch. The displaced material was in the direction opposite of 
rotation. 

 
There was also scoring of the abradable material in a plane forward of the 

nominal fan plane location. Heavy scoring of the abradable material was noted at the 6 to 
7 o’clock position exposing the fan case beneath. There were score marks on the upper 
half of the abradable material consistent with contact against the tips of the fan blades 
when they were almost stationary. Eight Outlet Guide Vanes (OGV) were missing at the 
6 to 8 o’clock position. The section of the forward acoustic panel was missing at the 6 
o’clock position. 

 
Five booster inlet guide vanes (IGV) were fractured; two were missing and the 

three remaining vanes were separated only at the outer platform and were bent in the 
direction of rotation. The booster IGV inner platform was deformed outward into the 
flowpath at the 2 to 7 o’clock position. The trailing edges of the stage 1 booster blades 
were dented and the tips were curled. 

 

                                            
1 The fan blades were pre-numbered during the last installation and for convenience this numbering scheme 
is used to identify blades of interest. They were numbered in a counterclockwise direction (aft-looking-
forward). 
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E.2 Right-hand Engine 

 
The right-hand pylon, nacelle, and engine unit was present and found still 

attached to the airplane. The airplane was partially floating in the water of the Hudson 
River, listing towards the right side causing the right-hand nacelle to be submerged from 
the time of the event until the recovery on January 17, 2009 at 11:30 PM, local time 
(Figure 7). The total time of submersion was approximately 56 hours. Upon recovery, the 
engine remained attached to the airplane and was loaded onto a barge and moved to the 
New Jersey Port Authority dock facility in New Jersey. The engine was first examined on 
the barge on January 19, 2009. 

 
The pylon, nacelle, and engine unit was still attached to the airplane and was 

resting on the barge surface, partially stabilizing the airframe (Figure 8). The pylon-wing 
attach fittings beneath the skin could be observed because of the deformation of the pylon 
structure and skin (Figure 9). The aft pylon mount fitting was fractured across the frame 
structure (Figure 10), the aft mounting spigot fitting was out of location (Figure 11) and 
the front wing mount clevises and pins were intact although deformed from interference 
contact. 

 
The engine was still attached to the engine mount fittings. The nacelle was 

deformed and fractured in multiple locations (Figure 12). The thrust reverser halves and 
fan cowl doors were still attached to the pylon and the hinges appeared to be undamaged. 
The cowl doors were found unlatched. The thrust reverser was in the stowed position. 
There was no indication of an uncontained event. 

 
The inlet lip appeared to be undamaged (Figure 13). The acoustic inlet duct 

surface appeared to be undamaged. The acoustic panels in the inlet duct appeared to be 
undamaged except for a small section between 11 and 12 o’clock position.  

 
The ECU and Accessory Gearbox (AGB) were missing, as were the Integrated 

Drive Generator (IDG), Hydro-Mechanical Unit (HMU), and Air Turbine Starter (ATS). 
 
There was a brown stain on the front spinner cone. One fan blade exhibited a 

small soft body impact deformation at approximately 40% of the span (Figure 14). A 
portion of a feather was found stuck between two adjacent fan blades at the mid-span 
damper (Figure 15). 

 
One Outlet Guide Vane (OGV) vane trailing edge was slightly dented. Three 

vanes on the booster Inlet Guide Vane (IGV) were fractured, two were missing and one 
was still attached to the vane ring by its inner end.  

 
The Variable Bleed Valve (VBV) cavities contained several airfoils. The airfoils 

were tentatively identified as booster blades and HPC IGVs (Figure 16). 
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F. DETAILS OF THE ENGINE EXAMINATION 
 
The powerplant team met at the GE facility on February 3 to 6, 2009 to perform 

initial teardown of the both engines, Serial Numbers (S/N) 779-828 (No. 1 engine) and 
779-776 (No. 2 engine). Persons from the Persons from the Safety Board, FAA, US 
Airways, BEA, Airbus, US Air Line Pilots Association (ALPA), US Department of 
Agriculture, and CFM. 

 
A reduced size team comprised of persons from the Safety Board, CFM, and FAA 

met again to complete the teardown and documentation of the combustor on April 14 to 
15, 2009. 

 
The pylon, nacelle, and the engine mounts were removed from both engines after 

their arrival at the GE facility under the supervision of the FAA prior to the arrival of the 
powerplant group. After the components were removed, the engines were installed in 
engine stands in preparation for disassembly and examination. 

 
 

F.1 Engine S/N 779-828 (Installed on position 1 on airplane) 
 
 

F.1.1 General 
 
The engine was generally covered with light dirt, consistent with immersion in 

water (Figure 17). There was mild corrosion in several locations such as the bleed valves, 
bleed flow controllers and unprotected metal surfaces and there was a white coating on 
the aft acoustic panels. 

 
The AGB mounting clevises (Figure 18 & Figure 19) remained attached to the 

outer fan case and were bent aft with one clevis ear fractured. A portion of the AGB 
attachment lugs remained in one clevis. The output end of the tower shaft was bent and 
its internal spline appeared to be undamaged.  

 
 

F.1.2 Spinner 
 
The spinner is comprised of two-pieces, a front and aft cone. The front and rear 

spinner cones are made of an aluminum alloy. The aft flange of the rear spinner cone is 
bolted to the fan disk and is part of the fan blade retention system. The spinner was intact. 
The front cone segment appeared to be undamaged; however, the paint was chipped and 
scraped in several locations. The missing paint at the tip was in a 3 inch long spiral 
pattern (Figure 20). The aft cone segment was intact but was dented in one location at the 
rear flange in front of blade #18 (Figure 21). The dent dimensions were approximately 1 
inch axial x 2 inches circumferential and 0.25 inches deep (Figure 22). 
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F.1.3 Fan Hub and Blades 
 
Thirty-six (36) titanium fan blades that incorporate a mid-span damper for support 

are installed into the fan disk. A spacer located under the blade root retains the fan blades. 
The spacer is retained axially by the aft flange of the rear spinner cone. With the spinner 
removed, impacted mud was observed in the cavities between the hub, fan blade 
dovetails, and the fan blade spacers (Figure 23). All the fan blades were present and 
intact (Figure 24). They were bent in the aft direction with their trailing edge corners 
approximately 2 inches aft of the rear edge of the abradable land (Figure 25). 

 
All blade leading edge tips were curled in the direction opposite rotation (Figure 

27). The curl edge size ranged from very small to approximately one-quarter inch with a 
maximum material deformation of approximately 0.20 inches. The leading edge of blade 
#17 was twisted in the coarse direction along approximately 14 inches of the span with 
no obvious local deformation (Figure 26) and the trailing edge was buckled. Blade, #5 
and #29, exhibited a similar kind of distortion but with smaller deformation of the leading 
edge. Blades # 1, 21, 24, and 27 to 29 had trailing edge tears with associated missing 
material (Figure 27). Most of the blade trailing edges were curled in the direction 
opposite of rotation. The curl dimensions were generally smaller than those of the leading 
edges. 

 
The outer corners of the mid-span dampers were battered and mushroomed with 

several exhibiting spalling consistent with contact against the convex and concave 
surfaces of the blade airfoil. The convex and concave surfaces of the fan blades exhibited 
battering and score marks (Figure 28) on the airfoil approximately 1 to 2 inches above 
and below the mid-span damper position consistent with contact against the mid-span 
dampers.  
 

Ten fan blades exhibited shingling2 deformation of the front leading edges corners 
of the blade root platforms (Figure 29). Blades #16, 17, 18, 23, and 24 exhibited platform 
shear swarf3 on the axially oriented platform edges (Figure 30). 

 
 

F.1.4 Fan Inlet Case  
 
The fan inlet case, commonly referred to as the fan case, is bolted to the fan frame 

structure in the back and to the fan cowl inner barrel at the front.  Within the fan inlet 
case are installed fan outlet guide vanes (OGV), and the inner surface of the case is lined 
with: six fan forward acoustical panels, one abradable shroud located radially in-line with 
the fan blades, six fan mid acoustical panels, and 12 fan aft acoustical panels. The fan 
inlet case is designed to contain a failed fan blade and any associated debris and is made 
of a steel alloy. 

 

                                            
2 Shingling is the abnormal displacement that is occurs when the fan blade shrouds overlap each other 
instead of having their contact surfaces butt up against each other as intended. 
3 Swarf is shavings and chippings of metal debris resulting from metalworking operations. 
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The two lower forward acoustic panels were damaged from the 5 to 7 o’clock 
location (Figure 31). Most of the 4 to 6 o’clock panel was missing but the corner 
retaining inserts were still attached to the fan case. A triangular section approximately 3 
inches axial and 14 inches radial of the aft corner of the 6 to 8 o’clock panel was 
fractured and missing however, the corner-retaining insert was still attached to the fan 
case. The other four forward acoustic panels were intact. The upper two panels were 
circumferentially scored at the aft plane between the 11 and 1 o’clock location. 

 
The abradable fan shroud was rotationally scored 360 degrees to varying depths. 

There was a spiral shaped rotational score mark approximately 0.25 inches deep at the 4 
to 6 o’clock location (Figure 32 & Figure 33). At the 6 o’clock position, the abradable 
material was missing an 8 inch section of the forward plane exposing the metallic fan 
case material while at the 8 to 10 o’clock location the aft plane of the abradable material 
was missing also exposing the metallic fan case material.  

 
The six mid acoustic panels were intact but were circumferentially scored near the 

forward edges (Figure 25). The score marks varied in axial width between approximately 
1 and 3 inches. Foreign material consistent with bird feathers and tissue was wedged 
between the gaps of the mid acoustic panels and the outlet guide vane outer platform 
panels. 

 
The 68 Outlet Guide Vanes (OGV), located between the fan rotor and the fan 

frame struts, are designed to straighten out the secondary airflow from the fan prior to it 
being ducted to the exhaust nozzle. Eight OGVs were missing (Figure 34) between the 4 
to 5:30 o’clock location with their outer platform panels of these OGVs present and still 
retained in their correct locations (Figure 35). All other vanes were present and intact. 
There was foreign material consistent with bird feathers and tissue wedged between the 
outer platform panels and the fan case (Figure 36). Although this foreign material was 
found around the entire circumference of the OGV outer platform panels, approximately 
90% of the material was found between the 3 to 8:30 o’clock location. 

 
The 12 aft acoustic panels were all present and intact. All had a light layer of a 

white coating. The panel at the 6 to 7 o’clock location was fractured axially at the center 
of the panel. 

 
 

F.1.5 Fan Frame 
 
The fan frame is comprised of an outer casing, 12 radial struts and a center hub 

that supports the No. 1 and 2 bearing support as well as the No. 3 bearing assembly. The 
fan frame is made of a steel alloy. The fan frame appeared to be undamaged and the 12 
struts were intact and appeared to be undamaged. The lower mounting boss for the tower 
shaft was deformed. An ultraviolet (UV) light4 shined onto the vanes revealed presence 
of fluorescent material on the three struts at the 3 to 6 o’clock location (Figure 37). 

 
                                            
4 Organic proteins such as bird remains and blood will fluoresce green when illuminated with a UV light. 



13 of 74 

 
F.1.5.1 Variable Bleed Valve (VBV) Cavity in Fan Frame 

 
One fractured and heavily battered high-pressure compressor blade was found in 

the VBV cavity (Figure 38). 
 
 

F.1.5.2 VBV Actuation System 
 
The VBV actuator gearbox flexible input spline was rotated confirming operation 

and continuity of the VBV system. 
 
 

F.1.6 Booster Section 
 
The booster section is primarily comprised of a four-stage booster spool with 

titanium alloy blades, five stages of vane assemblies, and associated hardware. Its main 
function is to increase pressure of the primary flow (core flow) prior to delivery to the 
HPC. The fan is considered stage 1; therefore, the first stage of booster blades is 
considered stage 2. 

 
 

F.1.6.1 Booster Vane Assembly 
 
Two stage 1 booster vanes, commonly referred to as booster inlet guide vanes 

(IGV), were missing at the 1 o’clock location (Figure 39). Visual examination of 
fractured surfaces on the vane ring revealed no signs of a pre-existing or fatigue type 
failure. All fracture surfaces examined were consistent with overload. One vane before 
and two vanes after these were bent at the mid-span and fractured at the outboard tip, but 
were retained at the inner root (Figure 40 & Figure 41). Foreign material consistent with 
bird remains was deposited onto the outer surface of the outer vane ring at the location of 
the fractured vanes. The trailing edges of 18 vanes were dented in the direction of 
rotation; several were also torn and had material missing. The inner vane ring was 
distorted inwards at the 4 to 7 o’clock location (Figure 42). The elastomeric coating on 
the inside surface of the inner shroud of the stage 1 booster vane assembly was removed 
at the location of the fractured IGV vanes. The retainer for the two fractured and missing 
inlet guide vanes was also missing (Figure 43). 

 
Three stage 2 booster vanes were missing at the 2 to 4 o’clock location with the 

remaining vanes bent and torn on the leading and trailing edges.  All the stage 3 and 4 
booster vanes were present and had leading and trailing edge nicks and dents, with ten 
stage 3 vanes fractured and two stage 4 vanes fractured at the outer airfoil roots. 

 
All the stage 5 booster vanes, commonly referred to as the outlet guide vanes 

(OGV), were present with approximately 75% of the leading edges nicked and torn near 
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the outer span. A UV light shined on the exit area of the booster vanes revealed presence 
of fluorescent material at the 2 o’clock location (Figure 44).  

 
 

F.1.6.2 Booster Blades 
 
All the stage 2 and 3 booster blades were present, with one blade fractured at two 

thirds span (Figure 45) in each stage. All fracture surfaces examined were consistent with 
overload. All the full length stage 2 blades had their leading edge blade corners curled in 
the direction opposite rotation (Figure 46). All the trailing and leading edges of the stage 
3 blades had nicks and tears with associated loss of material and several were bent at the 
root and twisted. All the stage 4 and 5 booster blades were present with nicks and dents in 
the leading and trailing edges. Several stage 4 booster blades were also bent at the roots. 

 
 

F.1.7 High Pressure Compressor (HPC) Section 
 
The HPC stator contains a single stage variable inlet guide vane (IGV - stage 0) 

and stages 1 to 3 of variable stator vanes (VSV). These movable IGVs are positioned by 
the two VSV actuators through unison rings. The remaining 5 stages of stators (stage 4 to 
8) are all fixed. The HPC IGV and the stage 1 to 5 vanes are located in the front stator 
case while the stages 6 to 7 vanes are located in the rear stator case. 

 
 

F.1.7.1 Variable Stator Vane (VSV) Actuators 
 
The two VSV actuators, the six actuator link rods, and the three VSV collective 

(unison) rings were all present, intact, and in the normal installed position.  Three stage 1 
VSV arms were found separated from the unison ring with one of the lever arms 
fractured. The stroke position (Figure 47) of both VSV actuators was measured and the 
dimension from the piston housing face to the end of the pivot was 5.12 inches. 
According to CFM engineering this corresponds to a fully closed VSV position. 

 
 

F.1.7.2 HPC Stators 
 
Two HPC IGVs were fractured at the 6 o’clock location with several having 

localized dents (Figure 48) that were in the direction of rotation along various locations 
along the airfoil span. All the IGV trailing edge outer tips were bent in the direction of 
rotation. Several small balls of debris consistent with honeycomb acoustic treatment 
material were found in the HPC variable IGV area. A UV light survey of the IGVs 
revealed fluorescent material on the forward face of one vane at the 2 o’clock location 
(Figure 49). 
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Almost all the leading edge outer tips of the stage 1 VGVs exhibited dents and 
tears, with several missing material (Figure 50) and all the trailing edges torn in the 
direction of rotation. 

 
Approximately 10% of the stage 2 and 3 VSVs exhibited leading edges nicks and 

tears, most of the stage 2 and all of the stage 3 VSV damage was in the direction of 
rotation. Most of the stage 2 and all of the stage 3 VSV outer trailing edges were bent in 
the direction of rotation. 

 
Approximately 10% of the leading edges of stages 4, 6, 7 and 8 stators had nicks, 

although no leading edge damage was noted on stage 5. Approximately 40% of the 
trailing edges of stages 4, 6, 7, and 8 stators had dents and nicks at various airfoil span 
locations while the only 10% of the stage 5 stators exhibited such damage. 

 
 

F.1.7.3 HPC Rotor Stack  
 
The HPC rotor hub stack was intact (Figure 51). The rotor could not be turned in-

situ. Four consecutive stage 1 blades and one additional blade were broken at the root and 
were not in the plane of the rotor (Figure 52). Visual examination of fractured parts 
revealed no signs of a pre-existing damage or fatigue. All fracture surfaces examined 
were consistent with overload. The leading edge and trailing edges of all the remaining 
blades were heavily rubbed and battered. Four blades were recovered in the area between 
the booster stage and variable bleed valve cavity. 

 
All stage 2 to 9 blades were present. Nicks and dents were observed on all the 

blades of each stage (Figure 53) with many of the blade tips fractured. As the stage 
number increased, the severity of damage decreased. 

 
 

F.1.8 Combustor Housing and Combustor 
 
The combustion case encloses the combustion chamber, houses the compressor 

outlet guide vanes (OGV), which an integral part of the case, and provides fuel nozzle 
ports, igniter pads, and borescope ports. 

 
The HPC OGVs were intact and undamaged. The combustor case was intact and 

appeared to be undamaged. The fuel nozzles were all present, intact and undamaged 
(Figure 54); there was mild surface corrosion on the nozzle tips. 

 
A borescope inspection of the combustor revealed that the fuel nozzle at 

approximately 3 o’clock position was partially disengaged from its swirler on the 
combustor dome (Figure 55), and the next three nozzles clockwise were fully disengaged 
from their swirlers, consistent with crushing of the combustor dome. The next clockwise 
nozzle (at approximately 6 o’clock position) was also partially disengaged. The 
remaining 15 nozzles from 6:30 to 2:30 o’clock location were engaged in their swirlers. 
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When disassembled, examination of the combustor dome revealed crushing on the 

forward dome section between the 3 and 6:30 o’clock locations (Figure 56). The direction 
of the crushing was in the engine axial direction and the maximum deformation measured 
was approximately three quarter inch (Figure 57). 

 
 

F.1.9 High Pressure Turbine (HPT) 
 
The HPT assembly is composed of a single stage of nozzle segments and rotor.  

Both are internally air-cooled. 
 
The HPT nozzle was present and intact (Figure 58) but six small irregular holes 

were observed located either on the vane leading edge or pressure side of the airfoil 
(Figure 59). The suction side of the vanes was undamaged. The HPT blades were intact 
(Figure 60) and their squealer tips were undamaged (Figure 61). The ringed wire blade 
retainer was partially withdrawn from its location. 

 
 

F.1.10 Low Pressure Turbine (LPT) Module 
 
The LPT module was not disassembled. The stage 1 LPT nozzle was intact and 

undamaged. The LPT module was intact (Figure 62). The stage 4 LPT blades were bent 
slightly in the direction opposite of rotation. 

 
 

F.2 Engine S/N 779-776 (Installed on position 2 on airplane) 
 

F.2.1 General 
 
The engine was generally covered with light dirt, consistent with immersion in 

water (Figure 63). There was mild corrosion in several locations such as the bleed valves, 
bleed flow controllers and unprotected metal surfaces and there was a white coating on 
the aft acoustic panels. 

 
The left hand AGB mounting clevis (Figure 64) on the outer fan case was bent aft 

wards. A portion of the AGB attachment lugs remained in the clevis. The right hand 
clevis was not present. The output end of the tower shaft was bent and its internal spline 
appeared to be undamaged. 

 
 

F.2.2 Spinner 
 
The spinner was intact and undamaged. There was a brown colored spiral streak 

approximately 4 inches in length starting approximately 2 inches from the tip (Figure 65). 
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F.2.3 Fan Hub and Blades 

 
With the spinner removed, impacted mud was present in the cavities between the 

hub, fan blade dovetails, and the fan blade spacers. All 36 fan blades were present and 
intact (Figure 66). The leading edge tips of seven blades were bent in the direction 
opposite of rotation (Figure 67), while eight blades were bent in the direction of rotation 
and the remaining 21 blades were fairly straight. 

 
The leading edges of blades #27, 28, 29, 30, and 31 were dented just below the 

mid span dampers at the same radial location (Figure 68). The dents were characterized 
as having a low radius curvature and bent forward. The dent on blade #27 was the largest 
and the subsequent blades in the counter-clockwise direction had progressively smaller 
deformations. The dent on blade #27 measured approximately 4 inches in spanwise 
length at the leading edge and the maximum forward deformation was approximately 0.2 
inches (Figure 69 & Figure 70). The dents on blades #28 and 29 measured approximately 
1 inch in spanwise length with a 0.05-inch maximum forward deformation. The blade 
#30 dent measured approximately ¾ inch long with 0.02 inch deformation. The dent on 
blade #31 was smaller than the others yet was easily identified with finger touch. 

 
Blades #24 and #26 to #29 exhibited platform shear swarf (Figure 71) on the 

axially oriented platform edges. 
 
 

F.2.4 Fan Inlet Case  
 
There was an 8-inch layer of mud inside the entire axial length of the fan case at 

the 6 o’clock location (Figure 72). 
 
The two lower forward acoustic panels at the 5 to 7:00 o’clock location were 

damaged (Figure 73) but the corner retaining inserts were still attached to the fan case. 
The other four forward acoustic panels were intact and undamaged with the upper two 
panels rotationally scored at the aft plane between the 11 and 1 o’clock location (Figure 
74). 

 
The abradable fan shroud was rotationally scored throughout its circumference to 

varying depths. There was a spiral shaped rotational score mark approximately 0.25 
inches deep at the 4 to 7 o’clock location (Figure 75). The abradable material at the 5 
o’clock position was missing at the forward plane, exposing the metallic fan case material 
for approximately 7 inches. 

 
The six mid acoustic panels were intact but were circumferentially scored near the 

forward edges. The score marks varied in axial width between approximately 1 and 2 
inches. Foreign material consistent with bird feathers and tissue was wedged between the 
gaps of the mid acoustic panels and the outlet guide vane outer platform panels.  
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The OGVs were present still retained in their original locations (Figure 76). There 
was foreign material consistent with bird feathers and tissue wedged between the outer 
platform panels and the fan case (Figure 77). The inner connection platforms of the 3 
vane segments from 4 to 5:30 o’clock positions were fractured from the vanes. Although 
this foreign material was found around the entire circumference of the OGV outer 
platform panels, approximately 90% of the material was found between the 4 to 7 o’clock 
location. 

 
The 12 aft acoustic panels were all present and intact.  
 
 

F.2.5 Fan Frame 
 
The fan frame appeared to be undamaged and the 12 struts were intact and also 

appeared to be undamaged (Figure 78). The lower mounting boss for the tower shaft was 
deformed (Figure 64).  

 
 

F.2.5.1 Variable Bleed Valve (VBV) Cavity 
 
Twenty-six fractured and heavily battered HPC IGV fragments and several high-

pressure stage 1 compressor blade fragments were found in the VBV cavity (Figure 79). 
 
 

F.2.5.2 VBV Actuation System 
 
The VBV actuator gearbox flexible input spline was rotated confirming operation 

and continuity of the VBV system. 
 
 

F.2.6 Booster Section 
 

F.2.6.1 Inlet Guide Vanes (IGV) Stage 1 Vane 
 
Two booster IGVs were missing at the 4 o’clock location (Figure 80). The next 

sequential vane in the clockwise direction was bent at the mid-span, fractured at the 
outboard tip, but was retained at the inner root (Figure 81). Visual examination of 
fractured parts revealed no signs of a pre-existing damage or fatigue. All fracture surfaces 
examined were consistent with overload. Foreign material consistent with bird remains 
was deposited onto the outer surface of the outer vane ring at the location of the fractured 
vanes. The trailing edges of approximately 90% of the vanes were dented in the direction 
of rotation; several were also torn and had material missing. 

 
All the stages 2 to 5 booster vanes were present; however, the leading edges had 

tears, nicks and dents spanning approximately 100%, 20%, 50%, and 100% respectively. 
All the damage was in the direction of rotation. All the trailing edges had nicks, tears and 
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dents on stages 3 and 5. On stage 2 only 50% were damaged, and on stage 4 only 20 
vanes were damaged. One booster IGV was found in the stage 3 booster vanes (Figure 
82). Approximately 40% of the trailing edges on stage 3 were also torn near the outer 
ring (Figure 83). One stage 0 VSV from the HPC was found in the stage 5 booster vane 
ring (Figure 84). A UV light shined on the exit area of the booster vanes revealed 
presence of fluorescent material at the 5 o’clock location (Figure 85). 

 
 

F.2.6.2 Booster Blades 
 
One stage 2 booster blade was fractured at the root with the three preceding 

blades were bent in the direction opposite rotation at the roots (Figure 86). Three other 
exhibited leading edge fractures, with the two succeeding blades bent at the root in the 
direction opposite of rotation. These two succeeding blades exhibited tip curl at the 
leading and trailing edges. All other blades had tip curl on the leading and trailing edges 
in the direction opposite of rotation. 

 
All the stage 3 to 5 blades were present and approximately 75%, 80%, and 50% of 

the leading edges in each stage, respectively, had leading edges, tears, nicks and dents.  
All the blade trailing edges in stages 3 and 5 exhibited tears, dents or missing material 
while only approximately 70% of stage 5 trailing edges exhibited the same damage.  

 
 

F.2.7 High Pressure Compressor (HPC) Section 
 

F.2.7.1 Variable Stator Vane (VSV) Actuators 
 
The two VSV actuators, the six actuator link rods, and the three VSV collective 

(unison) rings were all present, intact and in their normal installed position. The stroke 
position of both VSV actuators was at the minimum length position (Figure 87). 
According to CFM engineering this corresponds to a fully open VSV position. 

 
 

F.2.7.2 HPC Stators 
 
All the HPC IGVs were fractured at the trunnion vane ring roots and separated 

from the inner vane ring bushings. Most of the vane fragments were found upstream in 
the VBV cavity and in the booster vanes and blades (Figure 88). All the trunnions and 
bearings were present. The inner vane ring halves (Figure 89) were loose in the IGV 
stage 0 plane and were battered. Twenty-six fractured and heavily battered HPC IGV 
fragments were found in the VBV cavity. Visual examination of fractured parts revealed 
no signs of a pre-existing damage or fatigue. All fracture surfaces examined were 
consistent with overload. 

 
All the VGVs and stage 4 fixed vanes exhibited leading and trailing edge dents 

and nicks (Figure 90 & Figure 91) with several in each stage exhibiting missing material. 
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Most of the deformation was in the direction of rotation. Most of the stage 5 to 8 stage 
fixed vanes exhibited dents on the leading and trailing edges, with approximately 10% 
with nicked and torn edges. The deformation direction was predominantly in the direction 
of rotation. 

 
 

F.2.7.3 HPC Rotor Stack 
 
The HPC rotor hub stack was intact (Figure 92) but the rotor could not be turned 

in-situ. Three stage 1 HPC blades were fractured at the root and one was fractured at the 
mid-span (Figure 93). All the remaining stage 1 HPC blades were heavily rubbed and 
battered (Figure 94). Visual examination of fractured parts revealed no signs of a pre-
existing damage or fatigue. All fracture surfaces examined were consistent with overload. 
The leading and trailing edges were missing on most blades. Stage 1 HPC blade 
fragments were recovered in the area between the booster stage and variable bleed valve 
cavity. All the stage 2 to 9 HPC blades were present and exhibited leading and trailing 
edge nicks, dents or material loss. As the stage number increased the severity of the 
damage decreased. 

 
 

F.2.8 Combustor Housing and Combustor 
 
The combustor case was intact and appeared to be undamaged. The fuel nozzles 

were all present, intact and undamaged (Figure 95). There was mild surface corrosion on 
the nozzle tips. 

 
The initial borescope inspection of the combustor revealed that the fuel nozzle at 

approximately the 5:30 o’clock location was partially disengaged from its swirler on the 
combustor dome. The next nozzle clockwise was fully disengaged from its swirler, 
consistent with crushing of the combustor dome. The next clockwise nozzle at 
approximately 7:30 o’clock location was also partially disengaged. The remaining 17 
nozzles from 8:00 to 5:00 o’clock location were engaged in their swirlers. 

 
When disassembled, examination of the combustor dome revealed crushing on the 

forward dome section between the 9:30 and 6:30 o’clock locations (Figure 96). The 
direction of the crushing was in the engine axial direction and the maximum deformation 
measured was approximately ¾ inch (Figure 97 & Figure 98). 

 
 

F.2.9 High Pressure Turbine (HPT) Nozzle 
 
The HPT nozzle was intact (Figure 99). The HPT assembly was intact and the 

HPT blades exhibited rub on the squealer tips (Figure 100). 
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F.2.10 Low Pressure Turbine (LPT) 
 
The LPT nozzle was intact and undamaged and the LPT module was intact and 

undamaged (Figure 101). 
 
 

G. FLIGHT DATA RECORDER INFORMATION 
 
The engine sequence of events is based on data from the flight data recorder 

(FDR) for the accident flight and pilot statements. The FDR was sent to the Safety Board 
Headquarters in Washington DC and was read out by the Vehicle Recorder Specialist. 
For additional FDR and pilot statement details see the Flight Data Recorder Group 
Chairman’s Factual Report and the Operations/Human Performance Group Chairman’s 
Factual Report respectively. All reference times have been rounded to the nearest second 
and are in EST. 

 
At about 15:24:57 (time is in hours: minutes: seconds), both throttles were 

advanced and the engine fan and core speeds started to increase and shortly thereafter the 
airplane started its takeoff roll. According to the US Airways A320 Flight Manual, 
takeoff thrust is set as follows: 

 
As the aircraft is aligned with the runway, the Pilot Flying (PF) will smoothly 
advance both throttles, ensuring symmetrical engine acceleration, to 
approximately 50% N1 and allow the engines to stabilize. After the engines are 
stabilized, the PF will manually advance the throttles toward the takeoff power 
setting and engage TOGA [Takeoff and Go Around] when satisfied that engine 
acceleration is normal. 
 
After the thrust levers (TLA) were advanced, both engines’ N1 and N2 spools 

accelerated in unison to their correct calculated takeoff power of 85% N1. The takeoff 
roll and initial climb proceeded normally with all the recorded engine parameters (fuel 
flow, EGT, N2 and N1) in the normal range. The airplane takeoff occurred at about 
15:25:34. About 1 minute and 37 seconds later (15:27:11) both engines’ spools (N1 and 
N2) started to decay, consistent with the ingestion of birds. Specifically, engine No. 1 
dropped from 82% to 36% N1 while the No. 2 engine dropped from 82% to 16%, both 
within about 4 seconds, and stabilized at those values for the next 50 seconds. It was 
noted that the core speed (N2) for the No. 1 engine decreased in relative magnitude far 
less than the other fan and core speeds for either of the engines.  

 
At the same time the rotor speeds were dropping, the EGT for both engines 

steadily increased from the stabilized takeoff temperature of about 635ºC and 675ºC 
respectively, to a maximum value of about 890ºC for both engines. According to the 
CFM56-5B4/P Type Certificate (TC) data sheet, E86NE, the maximum operational 
redline EGT is 950ºC. Engine No. 1 and No. 2 EGT peaked about 40 and 70 seconds 
respectively after the birds were ingested. The EGT values increased after the bird 
ingestion despite the fact that the fuel flow decreased from the takeoff value of about 
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7,400 pounds per hour (pph) for each engine to 2,000 pph for engine No.1 and 600 pph 
for engine No. 2.  The fuel flow rate for the No. 2 engine did not increase above 600 pph 
for the remainder of the flight, while the fuel flow for the No. 1 engine fluctuated but 
never reached a value greater than 2400 pph.  

 
After the bird ingestion, the maximum airspeed achieved was about 214 knots, 

which was insufficient to achieve a windmill relight,5 leaving the air turbine starter 
method as the only other option to restart the engine. The air turbine starter requires 
pressure air from an external source to operate. Due to the dual engine power loss, a cross 
bleed air start was not possible; only the APU would have supplied sufficient air pressure 
to restart either engine. Review of the pilot statements revealed that neither a cross bleed 
nor windmill engine relight were attempted but instead, an APU start was initiated by the 
flight crew; however, due to time constraints, the pilots were unable to confirm bleed air 
pressure before any engine start attempt was made. The FDR data showed that the APU 
valve did not open as a result of the flight crews attempt to start the APU.  

 
According to pilot statements, a relight attempt was performed on both engines. 

According to the US Airways A319/320/321 Quick Reference Handbook (QRH), a dual 
engine failure relight is initiated by first setting the engine mode selector to IGN, then 
putting the thrust levers to the IDLE position, and if no relight occurs after 30 seconds, 
the engine master switch is placed in the OFF position for 30 seconds before it is placed 
back in the ON position.  The engine mode selector and the engine master switch position 
are not recorded FDR parameters; however, the engine master switch position is 
indirectly known from the position of the high pressure (HP) fuel valve.  According to the 
pilot statements, shortly after the bird ingestion event, the engine mode selectors were put 
in the IGN/START position.  The FDR data confirmed that both thrust levers were 
brought back to the idle position at approximately 15:28:01, about 50 seconds after the 
bird strike. This would have initiated the automatic start sequence for both engines. With 
the throttles moved to idle, the rotor speeds for the No. 1 engine both decreased while the 
rotor speeds for the No. 2 engine did not respond and stayed at post bird ingestion sub 
ground idle value. Furthermore, the EGT and fuel flow for the No. 1 engine decreased 
and the EGT for the No. 2 engine continued to increase while the fuel flow stayed the 
same. The No. 2 engine data indicates that the fuel flow value was sub idle, essentially 
600 pph, at this time and was below the controlling authority of the throttle.  

 
About 30 seconds later, at 15:28:30, the FDR records that the No. 2 engine HP 

fuel valve goes from the NOT CLOSED position to the CLOSED position consistent 
with the engine master switch being placed in the OFF position.  The No. 2 engine N2 
speed was essentially at 35% when the HP fuel valve was CLOSED. According to the US 
Airways A310/A320/A321 Flight Crew Operating Manual (FCOM) for an automatic start 
sequence, with the engine mode selector is in the IGN position and the throttle back at 
idle, the HP will OPEN only when the N2 speed is greater than 15% when in flight. 
According to the pilot statements, the engine master switch was cycled back to the ON 
position in an attempt to start the engine; however, the HP fuel valve remained in the 
CLOSED position for the remainder of the flight. This is consistent with engine master 
                                            
5 The windmilling relight speed for a CFM powered A320 is 300 knots. 
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switch being placed in the ON position some time after 15:28:54 since all values for N2 
were below the 15% automatic in flight threshold for relight.  

 
At 15:29:27, about two minutes and 15 seconds after the bird ingestion and almost 

a minute after the No. 2 HP fuel valve was CLOSED, the No. 1 HP fuel valve was 
CLOSED but was reopened about 10 seconds later at 15:29:37. At the time the No. 1 HP 
fuel valve was CLOSED the N2 speed was about 83% and when the HP valve was 
OPENED the N2 speed was about 39%, well above the automatic in-flight relight 
criteria. After the HP fuel valve was OPENED, the EGT, fuel flow6, and both N1 and N2 
rotor speeds increased; but never recovered to pre-relight levels.   

 
 

H. BIRD IDENTIFICATION 
 
The feathers and bird remains found in a variety of locations within both engines 

and were collected by members of the United States Department of Agriculture (USDA) 
who participated in the Hudson River on scene and at the GE teardown examination. The 
samples were sent to the Smithsonian Institution, National Museum of Natural History, 
Division of Birds for analysis and identification.  

 
Small samples were found in the joint crevices and sharp corners behind the fan 

blades, in the bypass duct, and throughout booster stages – roughly a few ounces in each 
engine.  The No. 2 engine however, had about a cup worth of charred remains on the 
combustor area. A UV light inspection of the core for both engines revealed evidence of 
bird smears from the spinner through the booster to the stage 1 high-pressure compressor. 
Swabs were taken at various locations in the engine and were submitted along with the 
feathers and bird remains for analysis. 

 
The Smithsonian Institution identified the bird species as Branta canadensis, or 

commonly referred to as a Canada goose. See the Safety Board Wildlife Factors Group 
Chairman Factual Report for further details. 

 
 
 
 
 
 
 

      Harald Reichel 
      Aerospace Engineer - Powerplants 

                                            
6 The fuel flow never exceeded 724 pph after this restart attempt. 
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Figure 1 - CFM56-5B4/P engine cross section 

 

 

Figure 2 - Recovery 
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Figure 3 – General view 

 

 

Figure 4 – Inlet lip - Dent 
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Figure 5 – Inlet - General 

 

 

Figure 6 – Fan plane 
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Figure 7 – US Airways N106US retrieved from Hudson River 

 

 
Figure 8 – Right-hand engine on barge 
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Figure 9 – Pylon fractured at wing intersection 

 

 
 

Figure 10 – Aft pylon mount fitting 
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Figure 11 – Spigot fitting 

 

 
Figure 12 – Left side view of nacelle 
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Figure 13 – Inlet lip and ducting 

 

 
Figure 14 – Soft body impact at approximately 40% span 
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Figure 15 – Mid span damper shroud – Feather remains 

 

 
Figure 16 – Vent of VBV cavity 
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Figure 17 – CFM56-5B4/P engine S/N 779-828 

 

 

Figure 18 - Lower fan case - accessory gearbox missing 
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Figure 19 – Lower fan case - accessory gearbox missing 

 

 

Figure 20 - Spinner 
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Figure 21 – Spinner aft cone segment  

 

 

Figure 22 – Spinner aft cone segment –dent in reverse view 
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Figure 23 – Hub and fan blades – mud in slot spaces 

 

 

Figure 24 – Fan blades 
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Figure 25 - Fan blade tips displaced aft by 2 inches 

 

 

Figure 26 – Blade #17 
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Figure 27 – Fan blade #1  

 

 

Figure 28 – Impact marks on fan blades 
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Figure 29 – Fan blade platforms - shingling 

 

 

Figure 30 – Fan blade platform shear swarf 

 

Shear swarf 
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Figure 31 – Fan case 6 o’clock location 

 

 

Figure 32 – Fan case – spiral score mark 
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Figure 33 – Fan case – spiral score mark 

 

 

Figure 34 – Outer guide vanes (OGV) – 8 missing 
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Figure 35 – OGV – outer platform panels still in location 

 

 

Figure 36 - OGV – outer platform panels – foreign material 
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Figure 37 – Fan frame vanes – 3 o’clock location 

 

 

Figure 38 – HP Compressor blade in fan frame 
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Figure 39 - Booster inlet guide vanes (IGV) 

 

 

Figure 40 - Booster inlet guide vanes (IGV) - detail 
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Figure 41 - Booster inlet guide vanes (IGV) – close up 

 

 

Figure 42 – Inner vane ring distortion 
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Figure 43 – IGV inner shroud 

 

 

Figure 44 – Fluorescent material in booster exit at 2 o’clock location 
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Figure 45 – Stage 2 booster blades - detail 

 

 

Figure 46 – Stage 5 booster blades 
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Figure 47 – Variable stator vane (VSV) actuators 

 

 

Figure 48 – HPC variable IGVs stage 0 – at 6 o’clock - disassembled 
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Figure 49 – HPC variable IGVs stage 0 - at 2 o’clock location 

 

 

Figure 50 – HPC variable IGVs stages 0-2 
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Figure 51 – HPC rotor assembly – in situ 

 

 

Figure 52 – Stage 1 HPC blades 
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Figure 53 - HPC rotor assembly – Stages 2 - 5 

 

 

Figure 54 – Combustor housing, OGV and fuel nozzle tips 
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Figure 55 – Borescope image of fuel nozzle 

 

 

Figure 56 – Combustor – view from front 

 

Deformed 
section 

12 o’clock 

3 o’clock 
nozzle 



52 of 74 

 

Figure 57 – Combustor – close up 

 

 

Figure 58 – HPT nozzle – view from front 
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Figure 59 – HPT nozzle - detail 

 

 

Figure 60 – High pressure turbine (HPT) 
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Figure 61 - HPT squealer tips 

 

 

Figure 62 – Low pressure turbine module 
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Figure 63 – CFM56-5B4/P engine S/N 779-776 

 

 

Figure 64 - Lower fan case - accessory gearbox missing 
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Figure 65 - Spinner 

 

 

Figure 66 – Fan blades 
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Figure 67 – Fan leading edge tips bent 

 

 

Figure 68 – Fan blades #27-30 
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Figure 69 – Fan blade # 27 

 

 

Figure 70 – Fan blade # 27 - deformation detail 
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Figure 71 – Platform shear swarf 

 

 

Figure 72 – Mud  
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Figure 73 – Acoustic panel damage 5 to 7 o’clock 

 

 

Figure 74 – Acoustic panel scoring 11 to 1 o’clock 

 



61 of 74 

 

Figure 75 – Rub and scoring on abradable 

 

 

Figure 76 – Outer guide vanes (OGV) - retained 
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Figure 77 – OGV outer platform – material consistent with feathers 

 

 

Figure 78 – Fan frame struts 
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Figure 79 – VBV cavity  

 

 

Figure 80 – Booster IGVs missing 
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Figure 81 – Booster IGV - detail 

 

 

Figure 82 – Stage 3 booster vanes – IGV found in this vane ring 
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Figure 83 – Stage 3 booster vanes – trailing edge details 

 

 

Figure 84 – VSV Stage 1 vane found in stage 5 booster vane ring 
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Figure 85– Fluorescent material in booster exit at 5 o’clock location 

 

 

Figure 86 - Stage 2 booster blades – fractured blade detail 
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Figure 87 - VSV actuator 

 

 

Figure 88 –Stage 0 IGV vane fragments 
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Figure 89 - HPC Variable inlet guide vanes – inner vane ring 

 

 

Figure 90 – Variable guide vanes 
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Figure 91 – Variable guide vanes – stages 2 to 3 - detail 

 

 

Figure 92 – High pressure compressor rotor – stages 1-9 
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Figure 93 – High pressure compressor rotor – stage 1 

 

 

Figure 94 – Stage 1 HPC blades 
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Figure 95 – Combustor housing, OGV and fuel nozzle tips 

 

 

Figure 96 – Combustor – view from front 
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Figure 97 – Combustor – detail of deformation 

 

 

Figure 98 – Combustor – detail of deformation 
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Figure 99 – HPT nozzle - detail 

 

 

Figure 100 – HPT squealer tips 
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Figure 101 – Low pressure turbine module 

 

 


